In 2 experiments rats were trained to escape from an electrified start box and runway into a safe goal box. During subsequent "extinction" trials the start box was made safe for all Ss, but some groups could not reach the safe goal box without enduring shock in part or all of the alley. Ss shocked in this way in the 1st study failed to stop running sooner than those given no shock, and in the 2nd study, shocked Ss resisted extinction significantly longer than nonpunished Ss. Fewer escape training trials, weaker shock, and more gradual transition from escape training to extinction characterized the 2nd study relative to the 1st. Various theories capable of explaining this masochistic-like behavior are examined.
Broadly conceived, the experiments reported below bear on the question of why organisms sometimes behave so as to expose themselves repeatedly to aversive stimuli even when less punishing alternatives might be chosen. That such behavior does occur is attested to by Masserman's (1946) studies of experimental masochism, by demonstrations of the facilitative effects of punishment upon resistance to extinction (Gwinn, 1949; Solomon, Kamin, & Wynne, 1953; Whiteis, 1956 ) and by such experiments as those of Pavlov (1927) and of Miller (1960) in which aversive stimuli appear to lose their negative properties.
Nevertheless, some investigators (e.g., Imada, 1959; Moyer, 1955 Moyer, , 1957 Seward & Raskin, 1960) have not obtained confirmatory results in similar situations and the reasons for the discrepancies remain to be identified. Further experimentation is needed, therefore, to determine whether punishment indeed increases resistance to extinction and especially to provide, more adequate information concerning variables necessary for the development and mainte-1 These studies were carried out in the Department of Psychology at the University of Florida and were supported by Grants M-4952 and MH-06900 from the National Institutes of Health. The authors are indebted to Robert D. Fitzgerald for a critical reading of the manuscript. nance of seemingly maladaptive, self-punitive behavior.
EXPEBIMENT 1
Method
Subjects. Fifty-four male hooded rats of the Long-Evans strain served as <Ss. These were purchased from a commercial supplier and were 90-110 days old when first introduced into the experimental apparatus.
Apparatus. The main components of the equipment were a start box and a straight runway, both of which had grid floors and glass lids, plus a goal box that was fitted with a wooden floor and a Masonite lid. The start box (18 in. long X 5 in. wide X 11.5 in. high, inside) was divided into an upper and a lower compartment by a trap-door-like floor hinged along one edge 7 in. above the grid floor. A door at the end of the start box provided the means whereby 5s could be introduced into the upper compartment, and a 4.5 X 5 in. barrier at the alley end of that compartment prevented SB from prematurely escaping into the alley. When the trap-door floor was automatically released S fell to the grid floor below where it was then free to run through the alley to the goal box.
The runway (6 ft. long X 3.5 in. wide X 11.5 in. high, inside) was uniform throughout save for narrow wooden strips across the top at the 2-and 4-ft. positions. These strips served to support cadmium sulphide photocells which pointed downward and were energized by infrared light sources below the grid floor. Additional vertically oriented light beams and photocells were situated at the juncture of the start box and alley and at the entrance to the goal box. By means of these devices and associated electronic equipment, measure-127 ments (to the nearest Hoo sec.) could be made of starting time (the interval between the release of the floor flap and the occlusion of the first light beam), the time consumed in traversing each of three 2-ft. alley segments, and total time (starting time plus the sum of the three segment times).
The goal box (18 in. long X 10 in. wide X 11.5 in. high, inside) was painted black, in contrast to the start box and runway which were light gray. A guillotine door at the entrance to the goal box prevented /Ss from attempting to retrace once the goal box had been entered completely.
The grid floors were fashioned of %2-ii-stainless steel rods set into plastic side rails at .5-in. intervals. The six 1-ft. grid sections comprising the runway floor and the 18-in. section under the start box could be selectively energized by 60-cycle current from a variable-voltage autotransformer fed through a series resistor of 10,000 ohms. The open circuit voltage across all grid sections was monitored by means of a vacuum tube ac voltmeter. The shock intensities specified below were the open circuit voltages read from this meter.
A 60-w. lamp, suspended about 8 in. above the center of the start box served as a CS. A motordriven circuit breaker in series with the lamp provided two .25-sec. "on" and two ,25-sec. "off" periods per second.
Procedure. The general procedure involved shock-escape training for all Ss followed by "extinction" trials during which shock was interposed between the start and goal boxes for two groups of & but not for a third.
In detail, when Ss were received from the supplier they were given unrestricted access to food and water for 2-3 days and were then placed on a regular feeding schedule calling for 14-16 gm. of Purina laboratory chow per day for 7 days. During this period water was constantly available and all Ss were handled for a few minutes each day. The food deprivation regimen was instituted in the hope that variability might be reduced and fear increased, since the results of one study (Meryman, 1952) had indicated that hungry rats were more fearful than nonhungry ones. All experimental trials were administered when & were approximately 22 hr. hungry.
The next 4-day period was devoted to preliminary habituation training, each S being permitted to explore all sections of the apparatus for 10 min. per day. On the first of these days, each 8 was carried directly from its home cage to the maze; on the second day, a short waiting period in a carrying cage preceded the 10-min. familiarization period; and on the third and fourth days, the experience of being dropped from the upper compartment of the start box to the grid floor beneath was added to the sequence.
Shock-escape training was administered at the rate of 10 trials per day for the next 4 days. Trials 1 and 2 were run with the 6-ft. alley removed and the start box connected directly to the goal box. The shock was set at 50 v. for all 10 trials of the first day. Three trials were then given with a temporary 2-ft. long alley inserted between the start and goal boxes, followed by three trials in traversing a temporary 4-ft. alley. On Trials 9 and 10 of the first acquisition day Ss were required to traverse the entire 6-ft. runway to escape shock. The shock voltage was raised to 60, 70, and 75 v. on Days 2, 3, and 4, respectively, to offset possible adaptation effects.
On every trial S was put into the starting compartment through the end door, after which the guillotine door at the entrance to the goal box was immediately raised. This latter event, accompanied by some uncontrolled and unspecifiable auditory cues, initiated the following automatically timed sequence of events: (a) after a 3-sec. delay the blinking light began to flash, followed 3 sec. later by (fa) the whirring sound of the trapdoor release motor, and finally, in about 2 more sec. by the release and fall of the floor itself. After S was started in this manner, the light continued to blink until the infrared beam at the entrance to the goal box was intercepted. This latter event automatically cut off the blinking light and stopped the third-segment and total-time clocks. The S was permitted to remain in the dark goal box with the guillotine door closed for about 20 sec. before being removed to an individual chamber in the carrying cage to await the next trial. The Ss were run in squads of six, two members of the squad being randomly assigned to each of three groups. The daily food ration was allotted to each S approximately 15 min. after it had been returned to its home cage.
Extinction trials were begun on the fifth day following the initiation of escape training. At this time the six members of each squad were randomly assigned in equal numbers to three groups differing with respect to whether shock was present in the runway during extinction and with respect to its spatial location and extent. One group, the short-shock group, encountered shock only in the final 2-ft. segment of the alley. A second group, designated the long-shock group, was shocked throughout the entire 6-ft. runway, but not in the start box. The third group, termed the no-shock group, was never shocked during extinction, and no S, of course, was ever shocked in the goal box. On all these trials shock intensity was fixed at 60 v.
Extinction trials were continued under these conditions for 6 days (provided Ss continued to run) at the rate of 10 trials per day with approximately the same intertrial interval (i.e., 5-7 min.) as that employed during acquisition. If S failed to reach and enter the goal box within a criterional time of 60 sec., extinction trials were discontinued and arbitrary time scores of 60 sec. were entered in the protocols for that S. Exploratory studies had shown that a single failure to leave the start box within 1 min. was highly predictive of complete extinction in this situation.
Results
While starting and running times were recorded throughout the escape training phase, these data, because of their lack of direct relevance to the purposes of this study, have not been included in this report. It is worth noting, however, that the training procedures described above led to remarkably fast escape learning. Typically, asymptotic performance level was reached in 5-10 trials with the full length runway. Moreover, none of the Ss had to be discarded for failing to learn or for acquiring successful shock-escape responses other than running.
The extinction data plotted in Figure 1 may be taken as representative of the major results of Experiment 1. This figure shows the speed with which the entire 6-ft. alley was traversed by each of the three groups on each of the 6 extinction days. Each point represents a mean of 18 reciprocals which has been multiplied by 6 to yield ft/sec, each of the reciprocals, in turn, being based on an individual S's median running time for 10 daily trials. It is clear from this figure and from statistical analyses of these data that extinction took place in all groups; and, although the shocked Ss ran somewhat faster than the nonshocked Ss, the main "groups" effect was not significant (F < 1.0). Thus these data provide no support for the expectation that punishment prolongs the extinction process. This conclusion is further buttressed by the observation that the groups did not differ markedly with respect to the number of Ss that had met the extinction criterion by the end of the sixth day. At that time, five of the no-shock, six of the long-shock, and seven of the short-shock Ss had quit running.
By and large, the data obtained from measurements of starting speed and of running speed in the individual 2-ft. segments of the alley were consistent with the above conclusions. However, one effect approaching statistical significance was that of groups in the case of last-segment running speeds (F = 3.08, df = 2/51, p > .05).
Running speeds in the three alley sections averaged over 6 days are shown in Figure  2 . From this it is evident that the no-shock group tended to slow down as the goal box was neared, the long-shock group ran at a relatively constant speed, and the shortshock Ss accelerated as the goal was ap- proached. An analysis of variance of these data yielded the only highly significant finding of the study, namely, the interaction of groups by alley segments (F = 12.2, df = 2/51, p < .001).
In summary, Experiment 1 provided no substantial evidence indicating that punishment prolonged extinction. But neither did the study show that extinction was acceler- ated by shock, as might be expected on the basis of traditional conceptions of punishment as a behavior deterrent. This latter finding encouraged the authors in the belief that even relatively minor changes in experimental conditions might result in the prolongation of extinction by shock. The second experiment reported below confirmed this expectation.
EXPEBIMBNT 2 An examination of the conditions prevalent during Experiment 1 and an analysis of the behavior exhibited by Ss tested therein suggested the need for the changes introduced in Experiment 2. For one thing, shock intensity may have been high enough during extinction to evoke responses incompatible with running. Moreover, our acquisition data, supported by Martin's (1962) study of resistance to extinction as a function of number of escape training trials, suggested that the strength of the escape might actually be increased if escape trials were reduced from 40 to 20. It had also been observed during Experiment 1 that, generally speaking, running speeds were slowest at the start of each day, a warm-up-like increment appearing with additional trials. This indicated the desirability of changing the procedure so that the first no-shock trials of extinction would not coincide with the first trials of a day. Finally, it was felt that a more gradual transition from shock during acquisition to no-shock during extinction might diminish the contrast between the two procedures and thereby prolong extinction.
Method
Subjects. The Ss were 48 male hooded rats (Long-Evans strain) ranging in age from 100-140 days at the beginning of experimentation.
Apparatus. With the exception of one modification, the apparatus used in Experiment 2 was the same as that in Experiment 1. The sole change involved the substitution of an intermittently sounding buzzer for the blinking light. This modification was dictated by the observation that Ss in Experiment 1 seemed to become more excited by the whir of the trap-door release motor than by the onset of the blinking light. The buzzer, constructed of a do relay energized by a 60-cycle source, was mounted on the side of the start box and produced not only a clearly audible sound but also tactually detectible (by Jl?s) vibrations of the start box and of its grid floor. The sound level in the start box, as measured by a General Radio sound level meter ("C"-scale weighting) was about 53 db. above a reference level of 0.0002 dynes/cm 2 without the buzzer turned on. It increased to 67 db. when the buzzer was added and to 70 db. when the floor-release motor began to whir. With respect to duration of on-off periods, relation to floor-drop time, etc., the parameters of the buzzer variable were identical with those of the blinking light in the first experiment.
Procedure. The pre-experimental handling, feeding, and habituation procedures were the same as those followed in Experiment 1. The number of escape-training trials was reduced from 40 to 20, though the rate (10 trials per day) was not altered. The shock voltages were modified in several ways. During the escape trials of Day 1, 45 v. was applied to all grid sections. This was raised to 50 v. during the second day's training session. The shock used for the short-shock Ss in the third segment and for the long-shock Ss in the alley was 50 v. for the first trial of the first extinction day and 45 v. for all subsequent trials. The no-shock Ss received 50, 45, 40, 30, and 20 v. in the start box and in the alley during Trials 1-5, respectively, of the first extinction day and no shock anywhere thereafter. The same series of progressively declining voltages was applied to the start-box grid for the long-shock group and to the start-box grid and the grid of the adjacent 4-ft. alley segment for the short-shock group. On the sixth trial of the first extinction day, and on all subsequent extinction trials, the shock conditions for the shortshock and the long-shock groups were precisely like those holding throughout extinction in Experiment 1 save that the voltage in the electrified sections was maintained at 45 rather than at 60.
With respect to number of extinction trials, extinction criterion, intertrial intervals, etc., both experiments were identical. Starting times were not recorded, however, in Experiment 2, since this measure appeared to be the least stable in Experiment 1 and since a temporary shortage of timing devices made it mandatory to reduce the number of measures taken on each trial. Two Es were responsible for the training and testing of all Ss. Five replications (N -6 per replication) were run by one E and three by the other.
Results
Summaries of the running-speed data derived from times recorded from the first and third 2-ft. segments of the runway are provided in Figures 3 and 4 . From the curves in Figure 3 it is apparent that the long-shock group proved to be most resistant to extinction, followed sequentially by the short-shock and no-shock groups. Analysis of variance provided unequivocal support for the view that the differences, as revealed by Figure 3 , were genuine, since the main treatment effect was highly significant (F =12.34, df = 2/45, p < .001), as were the "days" effect (F = 7.81, df = 5/225, p < .001) and the interaction of days by treatments (F = 10.62, df = 10/225, p < .001). The conclusion that the groups differed in their tendency to resist extinction is further strengthened by the observation that of the 16 Ss in each group only 1 long-shock S had met the 60-sec. extinction criterion by the end of the sixth day whereas 6 of the short-shock and 11 of the no-shock Ss had ceased running by that time.
The trends apparent in Figure 3 are paralleled by data presented in Figure 4 and also by plots of middle-segment running times (not shown). Analyses of variance of second-and third-segment running speeds yielded, in each case, highly significant (p < .001) main effects of days, of treatments, and their interaction. A comparison of Figures 3 and 4 shows that while the long-shock Ss may have performed with slightly less vigor in the third (final) segment, the short-shock Ss ran with augmented speed, and that both groups differed markedly from the no-shock group. The tendency for the short-shock Ss to accelerate as the goal box was neared, which was also observed in Experiment 1, is revealed most clearly when the data are plotted as in Figure 5 . The fact that the long-shock Ss ran faster in all segments and the shortshock Ss ran faster in the third segment than the no-shock Ss can be attributed in part, to the energizing effect of shock. But the finding that the short-shock Ss ran faster in the second than in the first segment cannot be ascribed to the energizing effects of shock and requires another interpretation.
Analysis of variance applied to the data in Figure 5 yielded a main effect (F = 13.70, df = 2/45, p < .001) and a segments by groups interaction that were highly significant (F = 12.50, df = 4/90, p < .001). In none of the analyses were replications effects found to be significant sources of variance.
DISCUSSION
The data of our two experiments, and especially those from Experiment 2, indicate that shock in the runway not only failed to accelerate extinction, as might be predicted from the supposition that shock should act to punish approach reactions, but instead, functioned to prolong extinction. The persisting behavior involved repeated approaches toward and toleration of stimuli, which, if denned in terms of <Ss" original escape reactions would have to be labeled noxious. It seems justified, therefore, to describe such behavior as "masochisticlike".
Theoretical interpretations consistent with the results of our study prove to be surprisingly numerous. Mowrer's (1950) theory of this perseverative type of behavior, which he dubbed the "vicious circle" phenomenon, has considerable appeal. According to his view, the initial escape training should result in the conditioning of fear to the cues provided by the buzzer, the start box, and the alley. Then during extinction S runs because it is afraid, running produces shock which prevents (or retards) the process of fear extinction, and fear reduction perpetuates running. To this we may add the notions that shock reduction is itself a potent reinforcer for running and that shock onset may potentiate in-progress running responses.
Applied to our results, Mowrer's theory suggests that the no-shock Ss should quit running first, as they did, because their relatively long exposure to the runway cues in the absence of shock provided them with the most favorable conditions for fear to become extinguished and with no opportunity for fear to be further reinforced. The order in which the short-shock and longshock groups extinguished would follow from the same principles.
Guthrie's (1935) concept of negative adaptation or habituation could also be applied to our data. According to this view, noxious stimuli lose their power to evoke escape reactions if they are repeatedly presented when responses that are incompatible with escape are dominant. Under such conditions, the aversive stimulus loses its negative properties to the degree that it becomes a conditioned cue for the incompatible reactions. In our studies the tactual cues provided by shock were part of the stimulus complex to which running became associated during the training series. Shock thus evoked approach reactions that interfered with responses of backing up or withdrawing; and during extinction the shocked Ss persisted in running because shock evoked and maintained forward-running behavior.
Our results are also consistent with interpretations stressing the similarity of acquisition to extinction conditions. Perhaps noshock Ss extinguished most readily because they experienced the most marked change from acquisition to extinction, short-shock and long-shock Ss, respectively, being exposed to less drastic changes.
While the procedures used in our second study yielded unequivocal evidence that the aversive stimulus prolonged extinction, we are not yet able to pinpoint the crucial factor or factors. It would appear, however, that the to-be-punished response must be so well established that it will be evoked with a high degree of probability by the situational cues even when conditions are changed from acquisition to extinction plus punishment. Moreover, the intensity of the punishing stimulus should be moderatethis reduces the likelihood that competing responses will be elicited-and the shift from the acquisition to the extinction-plus-punishment phases should be gradual. Last of all, the motivational processes involved in the initiation of the response should perhaps be maintained or supported by the punishment to which the response leads. It may be worth noting that in the study by Seward and Raskin (1960) in which no evidence was found for increased resistance to extinction under punishment, few of the above requirements were met. The forward-going tendency was quite weak, the punishment was intense, and the transition from acquisition to extinction was abrupt.
A final point concerns the, tendency of short-shock Ss in both experiments to speed up, even before they reached the shock in the final 2-ft. section of the alley. Speed-oflocomotion gradients have been frequently observed in studies involving the use of appetitive reinforcers but the authors are unaware of prior reports of such gradients in situations where Ss are approaching a punishing stimulus. If the phenomenon is genuine, it may prove useful to assume that a short-shock S is motivated in the middle segment by a fractional anticipatory shockapproach or shock-escape reaction that is logically comparable to the Hull-Spence r o ~ s a-K mechanism.
